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(54) MOTOR-DRIVEN POWER STEERING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable a power source voltage to 
be utilized to the maximum limit, in driving a brushless motor. 
SOLUTION: A first limit processing unti 230 limits d-axis, q-axis 
voltage command values v*d, v*q calculated by a proportional 
integration control calculation based on d- q-axis current 
deviations ed, eq so that the amplitude v*m of a fundamental wave 
component of each phase voltage command value becomes v*m< 
Ed/ S~ 3 (Ed is a power source voltage). A d-q/three-phase AC 
coordinate converter 132 converts the voltage command values 
v*d, v*q after being limited into phase voltage command values 
(fundamental wave components). A tertiary harmonic component 
calculation 202 calculates a tertiary harmonic component v*3 of 
1/6 of the fundamental component amplitude v*m in amplitude from 
the voltage command values v*d, v*q after the limit and a sine 
value sine 30re (38re is the electrical angle). Adders 221, 222 and 
the like add the component v*3 to each phase voltage command 
value (fundamental component), to generate the command values 
v*u, v*v, v*w which correspond to the phase voltages to be applied 
to a motor 6. 
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(57) [KK] 

» 1 wjfiRAQfSW 2 3 cm, d, qi*m^ 

l©S*S*»ofi« v*.iW* B ^ Ed/7"3 (Ed 
«E) ^r<CSJ:5fc*JKi-5 0 d-q/3^Mlf 

«iasi 3 2ti, #jisao«jE**«[v*d, v* q ^^smffi 

S82 0 2I1 fWR»0>«EEJ§«fr«v*<u v*qi:jE&« 

«v* n <^l/6T-*>5SB3*KW«tj«5>v»3S:S[tti-r5o 
»*82 2 1, 2 2 2«tt, JB3 9ciSaittA^v*3«r# 
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Wiftt'h /is? CT 7? is ^e— * lctem&.&EPJn b 

li«^*JIS$Jxrv^S89IE#*a«BE«*fl[*, *tt*fc 
0 fc Lfc£#-Ed/2^±rEd/2J^TcD©Kt;i$m 

^fr y y^iffcot, 

[ft 3 ] ffiEfflttttff ^Jlta. 
»TfcoraKiESS<7>fi«w i/6^)SBSr*-f-SJB 

4 ] tfJE«*Srit#*£#ai*, 
mi 12 :/ 7 -> u * — * lc 5 le]Ste#S£<£>^Jfc;£ ft r & 

i *u = I *sin 0 re 

i *v= I*sin(0re-27i/3) 
i %= I *sin(0re-47t/3)=- 
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2 

m-r^m&nm.* mm a - q M«r»a u?t d w«je 

T * * 6 g «m^<S t tilie 7 7 is U * - * |C fflDtt £ « 
1WE d «i«£EJB*ffl[*5 J:t^«lrE q tt«E»*fi*r«Ha^ 

7 > * <D#*a<z>mi£fiit-^&-r 6 r t \z x r> m 
r-E^omt^y— ^77 y V^«B : 

V*3=- (1/6)^(2/3) [[- V*q + 4 V*d 2 V*q/(v*d 2 
+ V*Q 2 ))sin30re + (-v*d + 4 V*dv* Q 2 /(v*d 2 + 
V*q 2 ))cOS3 0 re] 

v*d»iHuEd««jEig*ttr*>o. v* q [*iiuE 

q tt«EES*4ttrfc 9 , er.riWEIeHEIMaoisieffiK 
[»*:*5] ffifE#J»*3S#att, WE**jfite«EE 

4 .cEtfeomtb^"? — y v^Eo 

[0 0 0 1 ] 
[0 0 0 2] 

[ooo3] ^(ox 5^»^^r7y ^vmm^ 
te^xfemzftzmMi*—* £ ur, ^^ri^7^>^— 
^^^<^^f>tLr#fc^. ie^ttftWtt&t/iB^tt^ 
fa -b-'SHBtttoffiSMJ ^ 7 u ^ - * ttffl 

J: 5tdUrE3£iS[«SKJc < t S7-f — K'<:y **J»j*sff fc> 

[0 0 0 4] 

drU^S, V^ioir/WtBCD3^i3-ryu^e»^5^^ — ^ 

- (1 a) 

- (1 b) 
i*u- i% — (1 c) 
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ffi, i %l4w*Bffiffi*frfr<*-C*>»K 0reft S8tC^-r 

[0 0 0 5] ^7^ Uyts*: — ? jcstiroi-^gr we^jb* 
<»j»*iUcj:oTi)cai*n5*s, fifcfiaMx*fi;«-*-s 

ZmURm (n — ^|^»3LTlHiei-5laJteffi«*T? 
fcoT. lsI£JMK0BX#ft«:dNb£ U dtt^iE^-r 

id=V~ 2 { i vsin 0 re — i u sin( 0 re 
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[0006] ±e* (la) - (i c) -e*ms*u*# 

i*d = 0 »■ (2 a) 

i*q = -y"(3/2) I* - (2b) 
r^T\ i*d«:d i*q 14 q 

[0007] *-^«ntov^ti4, mffi&mm 
xunm%t3$£xfiv&mmmtti£3\z>k, *-4>ttuis 

b d ttlMffit i d *5 J; q M«ffitttijffi iq^ 



70 



-2«/3)} 



iq=7~ 2 { i vCOS 0 re — i uC0S( 0 re — 27C/3) } 



(3 a) 
(3 b) 



feo, erei4Jbsa«swi-e*>s 0 

[0 0 0 8] ±EfW**DL-CJ4. rcOct pldLTSm^ 
©»*«Ei*q*3J:tMjkUmtiqfc*c*<5#, ^r>^ 20 

*«v*dfe±t/q«i«ffi»«||[v*,aS»«>aiJ( (J^T 

v*d=K P {ed+ (1/Ti) J eddt} ••■ (4 a) 
v* q = K P {eq+ (1/Ti) S eqdt} •■• (4b) 
ed= i *d— id ••- (4 c) $K 

V *u =V~ (2/3) { V *d C0S 0 r e — V * q S in 0 



^eq= i*q- iq - (4d) 

m (j^t rd^m^iiiij t^?) eqj4 q w 

fiHj £1^5) TfcO, Kp&itMV'OX&Q, Ti 
J4fflSH*IS] 

[0 0 0 9] ±EOd**«JE«^fiv*d*3J:t/qttKJBE 



V*v=^T(2/3) (v*dCOS(0re-27c/3)- v*qSin(0re-2 7c/3)] 

V *H = — V *U — V *V 



[00 10] r<Z><fc pt-LTutemEEjt^MVu, vfi 



(6 b) 
(6 c) 
(6 d) 



40 



[0 0 1 1 ] ±12(0^ 5*fW»*Ji:*3V^T, Zf=7^U^ 

wtMizcDfflm&^rt stub. m&^m&mR-tz&m 

[0 0 12] ±|E«; (5a) - (5 c) 
v* u = — v* Q sin(0re + d>) •*- (6a) ★ 

v*uv= v%- V*v=- CT3/2) EdSin(0re + 7t/6+ <}>) 

v* vw = v%- v% = - (7~3/2) Edsin(0re- 7t/2+ 0) 

v** u = v*w- v*u = - (/"3/2) EdSin(0re +5tu/6+ 0) 



(5a) 
(5 b) 
- (5 c) 

50*V*v = - v*n.sin(0re-27c/3H- <f> ) 
V*w = -V*oSin(0re— 4 7i:/3+d>) 
V*o=y"(2/3)^{v*d 2 + (- v*q) 2 } 

r::T\ v* q * 0<Dk # <f> =tan" 1 (v*d/(- v* q )}T*ao 
[0 0 1 3] #fflmffi«^«w«^*s*^iEKjft 

v*D^Ed/2 ••• (7) 

rrr% Edl4«««EE-C*>6o 

v*u = -(Ed/2)sin(0re + tf>) 

v%=-(Ed/2)sin(0re-27i/3+ d>) ■ 
v*. = -(Ed/2)sin(0re-4 7i/3+ <f>) - 
t'fcot, ^J^(4I^9 (a) iC^fip^i/iSo 

v*« U i4. 



. v%J4, 
(8 a) 
(8 b) 
(8 c) 



(9 a) 
(9 b) 
(9 c) 



50 wiXbCO^J4^"rtvt ) (/"3/2)EdT*do5 0 Z<DtHb. 
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5 

«««EES:fi*:IE-t-*fc>*> Ed/2- (- Ed/2) = Ed£T 
[0-0 14] 

tc#j»stts<z>-e, *izwtRT**&4MBW& (tarn 

«£Ett«««£EEdfCj:oT«lfiS:Stf-6C0"e % **BS 
EE»«tt3^*Jc jEK*tt*c ft*<fc5KLJ:9£-r5*, 

d/2t ft i9 N ^mmm&<om^(om±mmrv2) E d <t ft 
ac m je £ s * e d $. x*m m -r s r t & -e# ft v * <t u * 9 

[0015] x% *iBW-ef±, 

[0 0 16] 

[»«Sr«fti-5fc«)<o^a*5 < ttwg^(oSlb*] Iiw 

««llfi^J8:£, «rfB«««EEEd»c»<5#, mjfS^^J 
<h Lfct #-Ed/2£iJi-eEd/2J^ 

[0 0 17] roj: 5ftSBio«W^J:tttf % 
RmflEEd^TOjESfttt^ftWEiS^fflEdsifaj^^^ 

^:(0«-ffi«EE«^ffiS:-Ed/2a±-CEd/2£AT 

ffimJEm^Mfi^^irftSo fcfcU ^ft^teom 
EES^ft^ig— cotttftSJBBBift^CSr fciiftt\, r 
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[0018] »2<d»bi;ju *raaweo^:«>(o»ff#a: 

So 

[0 0 19] IOj:^if 20^(^ihH 
w 1 / 2 WT(c»too^ffilE^fiHfclt 5S*t 

i\ ^-^mfflt»ciSfs«j«^^^ixftv>or*, Jbtam 
1 o&miztt^ yjv* y vzr^mmtnmtk&ttijLz 

[0 0 2 0] I3^^{j:, JR2«>»W^*5V^T, ME 

jo m&<Dmm<D 1 / 6 (omm^-r^m 3 

»«BEiWHi[*rt(mi-*JD»Wfc «r*tf r <b t 
[0 0 2 1 ] :(Oj;9^3W»J:ixH S^IE^ 

m^tt ^<vm*iE&$i<DMm<D 1 x e <Dmm<om 3 »c 

^0 ft<, #ti«JE**tt^*ttSS*ififilc» (**jE3£ 

[0 0 2 2] ^4^B^fi. I3^^|C^>T, hu|2 

0filM»O«**SjT*doS d $6 ^ d MlCSSf-rS q 
tt*a»bft3lH]&K«S-C*>5 d - qli^AL, HU 



-4- 



7 

«JE**fltf3 J: tfmliS q ^mJEtg^tt £ HtJlE^ ^ •> i- * 

V*3 = ~ (1/6)^(2/3) [[-V*q + 4 V*d 2 V*q/(v*d 2 
+ V*q 2 )]sin3 0re + {- V*d + 4 V*d V *q 2 / ( V * d 2 + 
vV)}cOS3 B re] 

[0 0 2 3] zcd£ otaWlicn&WizXtu^ d-qtt 

R OMr-y/KD#i £ tc J; o T^a6 5 r <b #T-# 5 (7) 

[0 0 2 4] jB5<0»?r!tt. ^3^fcli^4(D^0^*5V^ 

i6om^mEEC0 1 X/" 3 «T^*JRRi" 2>««»JR^aS: 
[0 0 2 5] wOJ:5*JR5<o»ggtc:i:ixfi, g*R*B 

Wdtt%^m<DMm*mmLmm<» i //" 3 i^mr $ ixs r 

[0 0 2 6] 

mmnnmnmm] sit, swbb^sltww 
< i. ni<DMMtem> 

< i . i ^ft*js>ia i «\ **^<Djg i (o^mwm 

h 1 0 2<^<&*JCiSfeSixfc7!X^fcr=^>« 

ii04h ^yhvn o o«l:j:oT^fr U > 
if's^y Y 1 0 2(cj[ni^^ix5»jKh/u^S:«ttJi-S h 

-T£#— /uiac^iblfp l l y7'>u^^e-^6cOP 
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iMTHotife^ft, h/i^ir^3^3|Ljgir>lJ- 
^e^KftSrMWi-sa^MflW^ty h (ECU) 5i 
S^»«bfc$:M^c*5V^TSe#^^^ k/h 0 0 Srg^ 

t5o — Jr. ^i*ir>i^4{i > «agC9&£ (*5S) 

-tix&«l6h/u^«#Ts*5J:t^*; 
p-^^@6ftI^(:S^^T, ^e— * 6 ^Ilf^o 

^«ioaa5i»^j6C"c*«i o 8<z>rp|#as£*>3 0 

[0 0 2 7] < 1 . 2 M£IOM>@2 li, ±|E 
CU 5 OM^fy o ^iT*fc^ 0 rcOECU5 

scusu i 4 t^ti^^^i i e £iR«tt*tjE 

»118t»3SiSl2 0t«jl»1 2 2, 12 4<hd«j 
®fttP I MBfiil 2 6 t^mUm.P I ffiWm 28t$ 

i mm&m& 1 3oH-q/3 ts^^M^^m^s 1 3 
2 &ft«s(EAiiMgi 3 4 tm2fflm<&mui 3et3 
m&ffi/ a- qmm^&u 1 3 8 ^E^ROMr-y 

>V\ 4 0 tD-^^Igi»^Jl 4 2 £j&»ktt£>^— * 

— ^ 6 zmm-fz^— yv^t mw> r-abor. 3+e 
vvjvmmnx 5 0 ^-^^hjiussi 5 2 uta 

«*»IB«15 6^ v*B«»E«ttJ»l 5 o — ^ 

^SffiS^ffi^l 6 2 bfrbmiSLZtVb* 
[0 0 2 8] ^> K/H 0 0^1: 

J:ot^f7 U ls?i/f7 h 1 0 2t-^D^ibn5^^ K 

^tfci^ix. ^ii-fe>-^4 7!)^tH^^tt'5^{t-^V s 
ECU5l:A^^HS 0 ECU5T*li x A^^ixfc^^ 
h^«*T slc*tLTffiffi»«*l l 2tcJ:«9{5:tSffl 
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(6) 

P 

*«8«*Vsl4, ECU5fC*5lt5a«ffl«E*»«l 

i 4 tite«[tt«jEtti l 8 t*cA*SixS 0 ^e- 
tttiUSl 6 2^A*Stt. n-^AftffiBtfcfflJBl 6 2 

&s ^— * 6(Du-^T*fo^>iHie#m (*^«^) com 

^«i-ft*>%«*Aer«4ria%-J-«**fflA-*-* (0 8 
-vOU 4 0iP-^Iiag«|il 4 2 £lcA*)£ix 

So 

[0 0 2 9] BSS«*R3MB 114(t ±tSHUt hA** 

tM£s<7 h LT^tr-^ ( rr->^ h-^— y 
r^S^m^ffil tf4, gEi£tf>5£ (2 b) T-*£*L5q 

mask # oi -c *> o 

[0 0 3 0] 1 6tt, ±1E@«« 

III t ©5EAfc^+«#i-**?%MM6*l«iO*rtiSr* 

(J^T r^^f-tj £v^) Sdir£r£j*U ^ 30 
<0*|pJ«#SdirJ*iR*tt«jEffl 1 1 8 icA^ £ *t£ 0 

n-*ai$««t#«Bl 4 2tt, n — *ft*t;itBijS 

811 8(dA^^ix^o iR«ktt*iEtt 1 1 8f4, citLk 
0«#t*a«#v s *fc:£<5#, *PSiR«tt«:*«+ 
Sfc^ilf^li c^^di-r^o fttiMSl 2 0J4, 

t^*#e>il5AD5I^ qttll^fi i % t LTdl 

ICOqilffi^I i *qf4, 6&m4=-T 40 

^# h^^l^t^lMTfc^ KJUgl 2 4CA 
;*i£ix£ 0 — dttBSt*ftfii*dtt. h/u^tcBB* 
UWi*d = 0i:Lt, ig»3£l 2 2icA*>£;ft, 

[0031] u temi^m^ i56tv mmffi&m& 1 

5 411 ^-^ffi»lsI8Sl 5 2^b*-^6IC«J&*tt 

««a«ttj« i □ t v temsft&mffi i v sr-tttwuHA-t- 
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o-^ftJjSIKWiJIl 6 2^bO«t©^tt* 
A ereJc»jSi"5jEKjSffl[8in0reS:ffl*i-5 o 3*i£ 
«/d-qJffi«£«!ttl 3 814, roiE^fflsinere 
Srffli^T. ±E<^u*8S«S«mffl[iui3j:r5v»fiSKtt 

Wliv^ d-qffi«±CO«i-fth>*>dtt««B»fflffl[ 

idfeJ:t5qW«*ttUiffliq«-aE»-r5o :©<t5lct 
t # fc;h,fc. d MffflEtttitft i d 43 £ q MffiEttaitt i q 
f4, ^©£§1 2 2*5£tf«SHIl 2 4(otft«xA;*S 

[0 0 3 2]MSI§12 2{t dtttt»»<*ffii*d = 0 

t Jitso d ui«%ttffiffl[ i d t <D{mmT'& z> d nmmm 
ied= i *d- i d&^mu dmmffip irnmm 2 6 

iotd«i8EES*lViSr*«)5 0 — JSgL^l 2 
411 *nK»l 2 0^e>m*Six-5 q i*q 

t ±m<D q MttXlftttitt i q k (DM^X'tb Z q 

ieq=i%-i q |riail, q«iiiPimi2 8 
14, r O q BiMie q (C^f6it^^JWI»C 

[0 0 3 3] JS i fMRRftnff 130IJ, ^e-* 6 jcBijto 

ffiiMHWttfc aE3£i6 fc * 5 J: 5 t-^SWEif ^Mtf>H 
Wv^Srv^o^Ed/2 (* (7) ) kUfflLrv^tflE 
3fe£J4gfctK JLIE<7)dtemJEIt^iitv*d*5j:T^qfAm 
EE«^«v*q«c:«-j6i-5#ta«E»^ffl: (st (6 a) - 

(6 c) ^lfSv* 0 ^v* n <Edi:^SJ;9lc, 
±Bo-d*k«E»fr« v * d *5 -i q ttttE#^« v *, £ 

[0 0 3 4] d - q/3ttaE«tt«SHM&l 3 2 14, }R 
l^JMMl 3 0ld£*Jhta»JPK (y^y^^a) co 

$ d ammjt^ffl v * d *5 j: q t$m.j£m^m 

v * q & 3 tBS5atffi«±«Ofl[T-fc 5 u ffi«JE»^« v *u *3 

[0 0 3 5] »2»JPSftL3l«l 3 6tt % i©±5l!lLr 

W^^^oi L^ci:#Ed/2Sr@x^V^ o \z 
#*B«EE«*«v*u, v%, v%^0JPS-f^ (Edl4H 

[0 0 3 6] 3 n PWM^I^ 1 5 0 %2. faM^m 

m 3 6tzxz>±&mm (» $ <om^tttz^ 

a-f^ifc^PWMlffSu, Sv N Sw^SfSo 
[0 0 3 7] ^-^^KilHlSS 1 5 2 14, «;Ltf«*fflM 
OS h7^^^9^>f y^v^Kl^S:fflv^r««* 

^^-^±IHPWMft-i*S u, Sv, SwlCioT^y/ 
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JEvu, w x vwf4, ECU5^b^^tLt^-^6 

[0 0 3 8] ^ 6^n^S«t^9^u*em«E io 
ivfi|8i»ii, R»oJ:5JCutBm««a*l 5 6 
t vft«««ka»l 5 4ICj:oT*n«U(MHSiv 3 
*BSJ«t/d-qM«aE»»l 3 8(aotd-ql^± 
Otllid, iqt^gl£*i5o rixbd - qM^LtO 
««£«id, iqO^dttll^tHt idtt»JS*l 2 

2K, qNltjCttUttiql2ttnil2 4IC % 

A^^^5o rixtcj:t), gfa<o»flfi*J!)b*«r^— ^ 6 
CJ;oti4^6^< 4 d MffSKft ttJM id^d Mm 

i *q fc-tft-eM* L < ft £ J: 5 (c, 7 ^ - j.v< !y ^*J» 
^tfh>tt5 (rto^Jfflifi: rmSCMHKj Wim^) o 
[0 0 3 9] < l. 3 m«E*JW»f^>_blBOj:5t-* 

sas*«T?w:. sue h^^^*:is^i£i:ria«)ftawe« 
a^^sip^^—^ma^sstt (dMmffi&fr 

«i*d:fc4tfqMm«E*&<1H£i*Q) *SR3t*n, 
gMtomSfEtf**— * 6tc:«tu5 J: 5 (-^^ — K'<y*fW 

0fc«fcS*JS (WT rm%ftj«8t3lj t^o) 

om**J«iJWKr3tfiri-S r^CJ:^ m ZizJs^xOL 

»^H*ix^«fis4}'tc*a^"rsm«DfH»«2 o^h^ 

^tts^figtc^^sm^JWJ^sifBoiijf^ («K«d«nk 
[o o 4 o] *nmi&mxn, ^^-> 3 ^>r7f 9 
^^iott, ea3^u3tm«wj»*»«riftD5gL* 

ffi-^o rwm«K»J»S[Scjc:*5V^T^-f 3>i oiiJKT 

[004 1] ^T-^-Y V 1 0 14, ««iffiHS:/Tt«« 
A 0re£n-*A£Cfcjg«ffl«l 6 27^bSftIfr , 3 (* 
■r^S 1 2) , ufemaUftttSl 5 6*»ku«m«E«t 

attiu*. v*am«t»m»i 5 4j&^v*Bmat«ffiffl 

/H 4 0S:#BauTjEKjft«sinere«:»T, r<Z>jE!£ 

tftffis i n 0 r e £ U tSmflcttmfit i u *5 4 X* v ffimflcttffiffi 

ivfcSrffl^T* * (3a) (3b) i-ft*>*>ft*fc J: 
0, d MflHHftttli i d*J J: itWdlBI i q 

-rz (^f^/s i 6) o 

id=7"2 { i vsin 0 re — i usin( 0 re — 2tc/3) } 

iq=/"2 { i vCOS 0 re — i uC0S( 0 re — 2 7t /3) } 
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1 3 8#iaSil5. 

[0 04 2] Rfc:^ = v 1 0 14, _hfE d MmSEtfeffiffi: 

i d t^awR^ttfc d mmmm^m i u t <Dmmx& 

**«v*dSr*«>5t*^, ±fBqMm«E«lffiffl iqi: 
ftlJJSl 2 0iaot#bn5qiifig^@i'qi:(D 
IBSTfcS q Hieifil e q = i *q - i q SrlliJ L t , r 

w (Da ibmm&m e q \ctt-fz>ttmm&mwmmz J:ot 

qWmffi^{lv*q^^^^ 0 i-ft^)^, wiun 

M»EJi^{I v^iVq M«EE*g*« Vq^ftlit?) 
(*T"y^S 18, S 2 0) o 
v*d=K P |ed+ (1/Ti) J eddt} 
V*q=Kp {eq+ (1/Ti) J eqdt} 

Kpiitt;«^y-c*>9, t i i4»#p*fsj-cfc 

£ e ±fa*^:y^S 1 8JJL4 9«|Hf 1 2 2*5J:t/l 2 

4^n^$ti> KTv-fs 2 oicj; t> dMm«cp i mm 
mi 2 e^xxf^^mup i mmhsi 2 s^n^^tt 

20 

[0 04 3] &HZ-^4 =iyion d HtE^ 

Mv*d4oJ:u t q M«EEAK*fl v * q 5 #*e mmjt 

*I«(6a)-(6c) #HS) O*«v*o*s 

V*m^Ed — (1 0) 

kti:Z>£ilc % dMmffi«*«Vdi3J:U5qMmiE*« 
«VqSr#JHi-So JU£tf)f-r4, A(6d) tc^-T4 5 

tw 

V*n=7"(2/3)^{v*d 2 +(- V*q)2) 

XhZ><DX\ Cco^ic£^^±fE^; (10) ^^fci-J: 

30 o\zd itE^^i v * d *3 4 q mmi±m^m v * q ^rf^J 

[0 0 4 4] gc^-r =i^l 0 14, iE^ROM^ — ^ 
/H 4 OSr#BRLT»bn5]ESiK«sin0rti:_bfEy 
^ y ^ teS^: O d tttE^^l v * d *5 4 q i&mEE^ 

£r&5£^4 9^ffi-T5 (^ryyS2 4) 0 

V * u = J~ (2/3) {v*dCOS0re — V*qSin0re} 
40 V*v=7~(2/3) { V*dCOS(0 re-27l/3) - V*qSin(0re 

-2*/3)} 

V*w= — V * u ■— V * V 

»1 3 2 £ff#R|EAD»«l 3 4 ^^HmSixSo 

[0045] ^-f^yi ot4, ^(7)4 9(ax#b 

A&S Ur^S26) 0 -rft^*?, #«mEE« 

4 ^icf^JRS-r^o 
50 -Ed/2^ v%^Ed/2 - (11a) 
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-Ed"/2^ v*v - (lib) 

v%^Ed/2 — (1 1 c) 

::'.t\ Edfi^MmflExaoSo :^ry7 p s 2 6 ic 
£9, JB2»JK«i3Sffll 3 63&s*a$ixS 0 .LIES; (l 
1 a) ~ (1 1 c) y ^ ?/**Q«&tf>#tSmjBi 

fy/S2 8) % llaI»0««lt«lffll««d5»T-*-5. 
[0 0 4 6] K»tOj:5t-JilEO«««««Wfil»t)ig 
LllfTSix. *~ *6Kltt„ 3^PWMfWl 5 0^ 
*MW§l*i 5 2**»&tt5*-*Mft»K:J: 

[0 0 4 7] <1.4 f^fflfeJ:t^«Mft>±SEIBi £>H 
*««JE»«M*£*«:K*ft6 0 i-ftfc 

*Iv*u, v%, v*.lt » 1 fWR&Stt 1 3 0 Ttf>« 
(* (10) ) (^J; «9 , 114 (a) tC^-Ti 5ft 
S«v* n , = Ed^jE?£ifitttft"?, JB2*JRRADfa»l 3 
6T'(Oy ^ 2/^«k3S (5fc (11a) ~ (11c)) <D'& 
(0#iiE^Iv*u, v*wfi, 04 (b) 

5ft^«ttti:ft-5o rixKJ: (0 9) 

»?>ixs 0 r<o#£\ &imuE mmm,&) v* 

UV = V*U — V*¥, V*vw = V*v~ V*«, V*Wtl=V*W— V 

0 4 (c) Jc^i-J:5ft-&»««tftSo -rftfr 
fe, »M«J=E<ofi«co**ffi[ttEdtftU. ^Sfclcit^ 

ftofc»-&K*5^-(\ 4>L»ft5ffio«ffiit*tt^lS]- 

oKfcft5»mn*sflqaEi-ixtf, * 6(^attt<5m«t«- 

J:5«»dsiHl(isLft^»iPflds^i:Swi:(-ftSo L^t 

Ed (5t (10) ) i:ftSJ:5^Sfflv* B ^sft9ISSixT 
^5CfcA»t), 04 (b) ^^-ri 9 i-, ^ftstsom 

fcftSJBIBttfeCftv^ 
[0 04 8] ft*3, 1 OXIEHMB-Ctt 3 ft:/ 7 > 

v* u = — v*o{sin(0re+<f») + (1/6)sin3(0 re + 0)J 

V*v =- V*d {sifl(0 re-2 7t/34- 0) + (1/6)sin3( 0 re 
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[0049] <2. m2<Dmmmm>±umi(onmm 

ffi-CW\ r/^U;*^— * 6<^Igg&j;L:^Tfi3S£SEJE£r 
S^K^-e«ffl-r-5rt^T-#, *#ft»*Mt«iAtr# 
5:tm5o L*>U * 6tf>fl5le]i|E • 

isj&WLVttteztztb (0 4 ( c ) ) , *—*nmzms 
[0050] *HJ6^ffi^5mib^i7-^^r y 

Wgit' fc6ECU5 <B«*8*5 J; jftfls * I 3 to izMW 
[0 0 5 1 ] 0 5te, ^»1(^I^ECU5^ 

LV^tt^ 5 o *H*^lBfC*3^^Xt, ECU 5 
ft, f£*@ffi«§£l 12tv^yi 0£^— *ig»«£ 

*iSi-5 0 -*-ft*>*>*Stlfi»«-Ctt, ^3^1 Oj&sgf 

SB 3 S:ffifiiS^»SIJ?$B 2 0 2 <t ^0^t§ 2 2 1, 2 2 2 

*P^St52 2 4^iix.TV>6 0 ftl#JR«Q>Slffi2 
3 otcj:^ y ^ '^tel^ttSi oHJfe^jg^ioJt 
^SBiftlR^LSaii 3 0 ^^B-T6o 
[0 0 5 2] < 2 . 1 ««E«J««»aJO«fiS;>^T. 

— ^»J1»»0 9 *>««E»J»«3 0 ^Mt^MtfcS 

[0053] *HlfejKffiT*tt, ^e— ^ e^Rpioi-^^S 

< , ^ (6 a) - (6 c) ^i-«-ffimBE^Mv*u, 
v%, v*.co**jEa«tc^<?5»3»:i«Blli6*'aa-r 

So -rft^>^> «r^$n?>mffMv* u , v 

- (12a) 
27i/3+d>)] 



30 



40 



v *• = — v* D {s in( 0 re • 



- (12 b) 
-4?r/3+ <f>) + (1/6)sin3(0re-4*/3+ 4>)} 

- (1 2 c) 

v%-7"(2/3)^(v*d2 + (- v* q )2] -.. (12d) 

::t\ V*q^OOiT#0 =tan" 1 ( V*d/(- V*q)J T*d>> (0re + 0)=Sin3(0re-2 7r/3+ «>) =Sin3( 0 re -4 71 / 

9, v* q = O(7)^0 = -^/2T^6o ^fc, sin3 50 3+0)X2oSOT% jRMSEE (*B|BJWE) (Cte, » 3 ft 



-8- 



(9) 

15 

[0 0 5 4] _tfE:£ (12 a) — (l 2 c) T'^ZtbZy 

v* Q {sine re 4- (1/6)sin3 0 re] ^ Ed/ 2 

ft Brc&^kZlttzt #(^sinf3re + (1/6)sin3 0 re Oft 
*ffl[ttV3/2-C*>5 0 Lfc^oT, (^3/2) v* D ^Ed/ 
2, 

v* D ^EdAT3 —(13) JO 

■e*>*ttfiv\ ±12^: (13) (7) fcjMM-ftf* 

5, ft*3, JhfE5£ (12a) - (12 c) ICfel^T. £ 
i: * 3 ftiSMK £ <D fcT— * fc/jx $ < ft 5 

[0056] *nmmm^&tf&mMfflm^&t lto 

JBl»JR«!fSffl2 3 Otiu Jifa5£ (13) i"ft*?*>v*D 
£ E d AT 3 *r»fci- J: 5 1- d tt«EES<£«|[ v*d3o<£tFq 

•A«jEs*ffl[v*,s:fWKi-So z<D&x~*nmmmi*. 

A (10) i-*t>*>v* 0 ^Ed*»fe-TJ: 5»cdtt«EE 
»*«v*n*5J:tf q«i«|E»«MVa*r«IKi-s»l© 

[0057] *3ia«ffi^i3Jtsjg3*ii5»ajK* 

6S«^lCflt^^ » 3 v 
*3^r, ^l»JISft!fS«fB2 3 0JCJ:6««»JK (5£ (l 
3) ) <7>*Qf3S«^d*ft«BE«*ffl[v*d*3J:t/qtt«ES 

^Mv*,^e)»ajt5o ^LtiiDSS2 2nt d - q 

/3ffiSE«ftfllK]ftffl 3 2K±oT#e>ilx5uffi«JE 
SU *D3Mg2 2 2fi, d-q/3ffiX«ffi«**«l 

3 2(aottif)ix5 vtsmjEjt^M (£*««£») 

2 2 4(t d - q / 3 ti^Ml^^^ 1 3 2 ia o T 40 

* it-can* u *<Dmnm\z%&m3&mmwLf$Lftv*3 

*1im-?Z> 0 r^j:pl:U, 5£ (1 2 a) — (1 2 
c) 9 3 ftfllM5)^lI 

*3»iB5»Jfij«»tt±t£OJ: 5*wJg3&iiiSiaiftfiR» 
?H^^52 0 2tcJ:oT^aj^^6^ v £*ftj«»SrJ[a 

■rs^sfi, «je»i 2 2, i 2 4 £ dttsssp i Mm 

§15 1 2 6 b q P I #J«PA 1 28H-q/3 

^fE^^^^^Sl 3 2 £Mg^3§2 2 4<7)— gfl^l-JloT 50 
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[0058] ^zMm&mm 3 6te\ r^ipictt 
z vfxm&te't (Edf±®^mjE) e tctc 

U *ltlfe»tt-Ctt»i«BIK«!!3a»2 3 OKi 9 5t (1 
#Ed/2£jg;t5C bl*te\f\ 

[0059] m2 mmt&mtt i36i: * *_lie y ^ y * 
«»i 5 o-^— *mm\5]&i 5 2^^^ft5^e— ^ig 

J: * 6^ig®j£*x£ 0 
[0 0 6 0] < 2. 2 ««tM»»f^>ia6tt, 

wnw^im-rsw^tcj; tK (H5^jov>T^r*ffl* 
ixfe»»^*aa-rs««s#jw«Ri 30^)9 -h^— *mm& 

T, H5:fcJ:uqg6£#BSLoo, *Hlj6^IBlcj3*t^ 

[0 0 6 1 ] aMMfi^ttlc^v^Tt, ECUSaftSfflMr* 

StWJWiRIJSrift^igUSItTi-So r o«atfW»«3Kc*5 

[0 0 6 2] H6tr^Lfcm^ff5tJfflI^O/V~^>^^ 

0^77/5 1 2-5 2 0^1^0 3 
ti*S!t/d-qJffia«|j|»l 38i:, 1 2 2*5«t 

d«««KP I»J»«1 2 6 qlAm^LP 

2 8 rtif><oMII*Hf 
r^tb^J:^, »:*r-^Six5d«i«0Eje*«[v*d^J: 

v*d=K P { ed+ ( 1/Ti) J eddt} 
v* q = Kp {eq+ (1/Ti) S eqdt) 
ed = i *d - id, e q = i *q — i q 

wwT% Kp ititmV^ T i tt«»«FBBTfcf9, i 
*dttdtt««E*g««. idttdtt««»mffl[-edo?). i* 

q J* q Ifem^m^M. i q n q tt««E«fcHtt Tfc 5o 
[0 0 6 3] ^O^ x =3 > 1 OH, ±IEO d ^^JE 

v • d *s j; q wwEit^ffi: v * q iz#fc-f z> 

v%^Ed//3 

^mtz-rx dttfijBE»*fl[v*d*3«ti/qttfaffijt 
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^HI>*q£rftJRS1-5o AfttSKWu s£ (6d) 

V*p = /"(2/3)/"{v*d 2 + (- V*q) 2 } 

■cfcio-e. rco5tK£<5t5£ (13) &mtz-t£?lc 

5 y-^S 32) D Z.<D*7 L yZfS 3 2 coy ^ ^/^ 

[0 0 6 4] ftlC^^Vl Ott. *10>jHfc«ffiJ:lf3 
*ldLT, ±Ey $ ^^»18©d«ifiE»*fl[v»d^ 
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G»T r**«tt«BE»&«j v* ufv v%f, 

V*uf =7" (2/3) { V*dC0S 0re — V*qSin0re} 
V%f=/~ (2/3) { V*dCOS(0re-27c/3)- V*qSin(0re 

-2tc/3)} 

V*Hf= — V*uf — V* V f 

[0 0 6 5] &fd, ^nyioit ±15 S y * ®M 
34) 0 



V*3 = (-1/6)^(2/3)^{v'd2 + (- V * q )2)sin3(Ore+«) 



(1 6) 



r;iT\ v* Q *o (Dk£ (f>=tan- 1 (v*d/(-v*,))tfc 
v* q = O(D < b^0=-7t / /2-Cao^>o 
[0 0 6 6] ^ LT^ ^yi o te s JifSco^ 3 JfcffifS 
v * 3 £ Jil2^#S*:^tamiEm^ffi v% f% 

V *u = v *uf + V *3 
v *v = v *vf + v *3 

V*w= V*irf + V*3 20 

s£ (12a) - (12c) T*7^£ix£34gmJ£ 
*u, v* Vx v%£r#5 (^77^S3 6) 0 ^ 

v* 3 = - (1/6) ,T (2/3) J~iv*6 2 + (- 



^ [0067] rcoi ^ftiifE^T^^S 2 4. S 3 4. 
S 3 6 |C£ 9 . d-q/3 132,$ 
3ftB»8«»»»«2 0 2,3!lOj»2 2 1 , 2 2 2, 
*5<i:tH>D**i§2 2 4dSHa$ti5, 
[0 0 6 8] L^L N ±125£ (1 6) tc*£it5*P*« 

_tf£5£ (1 6) «r-tW**fflV^TJB 3 

tt, ft (16) ^H«ii»O^^^T^TO<t 
»t5, 



- V*q)2}sin3(0re+ 0) 

--(1/6)7"(2/3)v r {v*d 2 + (~ V*q)2J 

x (sin(3 0 r e + <*>)cos2<f> + cos(3 0 re + 0 ) S I n2 <f> J •-• (17) 

V*d/(- V*q)) X 9. ★COS* =- V*q//~(v*d 2 + (- V *q) 2 ] 

sirid> = v*d//*{v*d 2 + (- v* Q )2] - (18 a) ★ X*$>$><DT\ 

sin2d> = 2sin4> cos <t>= — 2 v*d v* q /(v*d 2 + v* q 2 ) 



::t\ <f>=tarr 



(18 b) 



cos2<f> = l-2sin 2 0 = (-v*d 2 + v* q 2) / /( v * d 2 + v * q 2) 

-V"|v*d 2 + (-V*q)2)sin(30re+^)=- 



(19 a) 
(19 b) 



V*qSin3 0re + V*dC0S3 0 re 

••• (2 0 a) 

V*d 2 + (~ V*q) 2 }cOS(3 6 re + <*>)=- V*qCOS3 0 r e - V * d S j Il3 0 r e 

- (2 0 b) 

T*£>£o LfcdSoT, 5£ (1 9 a) (19 b) (2 0 iVxUSft <b;ft,5 0 

a) (20b) ^(17) icttA-TSr 

V*3=- (1/6) V" (2/3) [(- V*q + 4 V*d 2 V*q/(vV+ V*q2)]sin30re 
+ l-V*d + 4v*dV*q2/( v V + V *q 2 ))cOS30re] - (2l) 



±^j:d, «3»:i«si«fig»v*3^«^tfEgaijat3»tjE 

R OM7-^KD#i £ £ o Tsfctf) £ ~ <>: 40 
So L^oT, ±IS^»3fti«WiSfi£»v*3(0*Ui^ 

6 0 #^ff2ffifC:fc^T*7^;/S 3 4tCi:oTH^^ 
ix5»3»KH«fi6»*3SaJ2 0 2fi, ±IE^: (2 1) 
«:fflv^*3fti«S8jKfiS»V3ft-imi^ -5. /cfib\ v*d 
= v* q = 0tOi:#liv*3 = 0T'fc5o 
[0 0 6 9] JbfSGOj; 9lCLTf 3^1M^v*3^ 

Sai^ti, *<oJg3&ii5fa«jac# v*360S^^nfc#tg 



2 6) B "T*^*> % #««BES^-ffl[v* u , v%, v%^r 

-Ed/2S v%^Ed/2 
-Ed/2^ v%SEd/2 
-Ed/2< v%<Ed/2 

Edrim^^J3ET*ab6 0 r^7'7 7 p S2 6(C 
£9, *2»JKfliSffll 3 6j&*HS*iT.5o ^C0^2^J 

/S28) , 1 E\&<DmwLfflwmni>mT-i'z>o 
[0070] &&<D±oiz±m<nmffimmmm*mv)& 
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20 



3T'fcot K(13) ) , ft* (« (7) ) KJfc^T 
2 a) - (1 2 c) (13) ct 



[0 0 7 1 ] <2.3 {«B#J:t«»*>±lB*2«>jt 

v* u = -(Ed/V"3) {sin(0re + d>) + (1/6)sin3(0re + 0)] 

v*v = -(EdAT3) {sinC0 re-2*/3+ 0) + (1/6)sin3(0re-2*/3 + *)] 

= - (EdAT3) {sin(0re-2*/3+<*>) + (1/6)sin3(0re + <*>)} 
v*w = ~(Ed/V"3) {sin(0 re-47t/3+ <f>) + (1/6)sin3( 0 r e -4 7r/3 + <t>)} 

= - CEdAT3) {sin(0re-4rc/3+ * ) + C1/6)sin3C 0 r e + *)) 

-EdSinC 0 re+ 71/6 + tf>) — (15a) 

% = -EdsinC0re-7t/2+<£) -•• (15b) 
v*u= — Edsin( 0 re +5tc/6+ <t>) •-• (15 c) 



V * u V = V U — V 



V VH = V V — V " 



fBloJglt»(BJ:D*>i5;</hS<ft5 (i4# 

JH) o 

[oo7 2] *s«fi»i»^j:ix^ temm.fr m 

9 MMfoS#*rS-*fc^ «(15a)-(15 
c) ) . 

[0 0 7 3] <2.4 **«>K3fiG>J:5^ 50 

*jES»[(oiB«(oi/3*fctti/4-cfcor<>, y^>\^^ 

[0 0 7 4] ±BJB 2 #^mEE 40 

[0075] £<b{^ ±Mm,2<onmmmx^3te^ = 7 



[Bi^nvftRni 

IB 2] lgiolllfi^ffi«^smi(i^r7-^^r y >^ 

3S«ld*5 it 5 mm ^It'fc 5ECU co«fiK Sr*"*-^ n y 
^0T*£>5 O 
[0 3] «1 OHJS^ffifd^v^T^-r = WdJ: 

i-6*BIIB«ffi*r*i-flBEje«BI-e*)S, 
[0 5] *|gWo*2^IIJ6^1ll^«5a;»/<i7-^7 t 

[0 6] JR2^3Hfc»«Rfc:fe^T^>f = 9 $ 

[0 7] ^2co^^SJ-4bMt6^^v/u^« : e— ^cof^J 

[0 8] 3*1^7^1^^^— ^tC*5Jt 5 3ffiSfjffiJ*«fc 

3 — h/w-^-fc^-y- 

4 --^^-br^-y- 

5 -SfM^-yh (ECU) 

6 - ^^v-i^^^e— ^ 

8 ■y<yy u ]} 

l i -zH— /u*ac^»«p 
l 2 ■■ -fcS&ajirv-y- 
10 -^4 ? a =3 > — ^ (^—^ 
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22 





T s 




2 0 , 


3 o •••f^f&J#gj5 


i *d 




114 






---qttttttflMMt 


12 2 


,12 4 


i d 




12 6 


— dWMBScP I ffiffl%V> 


i q 




12 8 




e d 


••dttS^fi^ 


13 0 


.230 -jg i mmftasp (fifflMK^S) 


e q 


— qtMSttflMK 


13 2 




V*d 


-d*ft«flE»«fl[ 


"IOC 

lob 


. . egr o £Ni rra An jfflfa7 / n c ^. ±? zx. ftv.\ 


V*q 


-qitEJKHI 


13 8 


- 3 «38«/ d - q 


10 v* u 




15 0 


••■3*gPWM^fiSfl 


V*v 




15 2 




V*w 




2 0 2 




6 r e 
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r 
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